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$P_{0}(x)=1$ , $P_{1}(x)=x-c0$ ,
$P_{n+1(x)}$ $c_{n}P_{n}(x)+u_{\mathit{7}\iota}P_{7\mathrm{L}}-1(x)=xP_{n}(x)$ $n=1,2,$ $\ldots$
$c_{n},$ $u_{\tau\iota}$ , . , Spiri-
donov , Christoffel-Darboux ,
[5]. , 3 Lotka-
Volterra . , 2
Hungry Lokta-Volterra .
2 Monic orthogonal polynomials $P_{n}(x)$





. $n$ a $\mathcal{L}[x^{n}]$
$a_{n}=\langle x^{n}\rangle=\mathcal{L}[x^{\tau\iota}]\in \mathbb{R}$ , $n=0,1,2,$ $\cdots$
.
,
$\mathcal{L}[Pn(x)Pm(x)]=h_{n}\delta_{n,m}$ , $h_{n}\neq 0,$ $n,$ $m=0,1,2,$ $\cdots$
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, h $\Delta_{n}$
$h_{\tau\iota}$ $=$ $\frac{\Delta_{n+1}}{\Delta_{n}}$ ,
$\Delta_{n}$ $=$




$a_{n- 1}a_{n}$ $a_{2\gamma\iota- 2}$
$=(\langle x^{i+j}\rangle)0\leq i^{j\leq},n^{-}1$
. $P_{n}(x)$ , $u_{n}\in \mathbb{R}$ 3





. Christoffel-Darboux [2]. Christoffel
$P_{n}^{*}(x, \mu)$ $=$ $\frac{1}{x-\mu}(P_{n+1}(x)-\frac{P_{n+1}(\mu)}{P_{n}(\mu)}P_{n}(x))$ (2)
, $P_{n}^{*}(x)$ . $P_{n}^{*}$ , .
$L^{*}[f(x, \mu)]$ $=$ $\mathcal{L}[(x-\mu)f(x)]$
$\mathcal{L}^{*}[P_{m}^{*}(x, \mu)P_{n}*(x, \mu)]$ $=$ $h_{n}^{*}\delta_{mn}$
, Geronimus Christoffel
$P_{n}(x)$ $=$ $P_{n}^{*}(x, \mu)-A_{n}^{*}P^{*}\mathcal{T}\iota^{-}1(x, \mu)$ (.3)
. $\psi_{n}$ , $P_{n}^{*}$
. , Christoffel (2) Geronimus (3) .
$\psi_{n}^{t+1}$ $=$ $(\psi_{\mathit{7}\iota+}^{t}1-Cn+^{1}1\psi_{n}+l\mathrm{I}^{/}\iota(x-\lambda^{t}+1)$ (4)
$\psi_{n}^{t}$ $=$ $\psi_{n}t+1-Al+1\psi nn\mathrm{r}\underline{+}_{1}1$ . (5)
$\mu$
$\lambda^{t+1}$ , $c_{n+}^{t+1}=P(1n+1\lambda^{t}+1)/P_{n}(\lambda t+1)$ .
(4) (5) ,
$A_{\tau\iota}^{t+t+1}1cn$ $=$ $A_{\mathcal{R}}^{t}c_{n}^{t}+1$











Symmetric orthogonal polynomials $gn(x)$ , Lotka-Volterra .
, monic orthogonal polynomial $P_{n}(x)$ $S_{\tau\iota}(-x)=(-1)$ “ $S_{n}(x)$
, b




$S[S_{n}(X)g_{m}(x)]=k_{n}\delta_{n,m}$ , $n,$ $m=0,1,2,$ $\cdots$
$k_{n}= \frac{E_{n+1}}{E_{\tau\iota}}$ , $E_{\tau\iota}=(b_{i+j})0\leq i,j\leq n$
. $S_{\tau\iota}(x)$ 3








$S_{n}^{*}(x, \hslash)$ $=$ $\frac{1}{(x)^{2}-(_{\hslash})\mathrm{z}}(s_{n+2(x)}-\frac{S_{n+2}(\kappa)}{S_{n}(\kappa)}S_{n}(x))$ (7)
3
, (6) (7)
$\psi_{n+1}^{t}$ $=$ $x\psi_{n}^{t}-v_{n}^{t}\psi_{n}t-1$ (8)




. (8) (9) , Lotka-Volterra
$\frac{V_{n}^{t+1}}{V_{n}^{t}}=\frac{\lambda^{t}+V^{\mathrm{t}}\mathit{7}\iota+1}{\lambda^{t+1}+V_{n-1}^{\iota}+1}$ (10)
.
3 String-orthogonal polynomials $P_{n}^{(1)}(x),$ $P_{r\iota}^{()}2(x)$
Adler,Moerbeke $P_{n}^{(1)}(x),$ $P_{n}^{(2)}(x)$ [1].






. $\{P_{\tau\iota}^{()}1(x), P_{n}(2) (x)\}$ string orthogonal polynomials . ,
$P_{n}^{(1)}(x),$ $P_{n}^{(2)}(x)$ $(x),$ $Q_{n}(x)$ .
3.1 2
, 2 . $\{P_{n}(x), Qn(x)\}$ string-orthogonal polyno-





$P_{n}^{0} \dotplus_{1(x,\epsilon)}^{1}=P_{n+1}(_{X)}+\frac{k_{n+1}Q_{n}(\epsilon)}{k_{n}Q_{n+1}(\epsilon)}P_{n}^{0,1}(X, \epsilon)$ (14)
$Q_{n+1}^{1,0}(x, \delta)=Q_{n+1}(x)+\frac{k_{\tau\iota+1}P_{n}(\delta)}{k_{n}P_{n+1}(\delta)}Q_{n}^{1,0}(_{X,\delta})$ (15)
. $\{P_{n}^{1,0}, Q_{n}1,0\},$ $\{P_{n}^{0,1}, Q_{\gamma}^{0,1}\iota\}$ $a_{ij’ i}^{1,\mathrm{o}0,1}aj$ , $a_{ij}$
$a_{ij}^{1,0}=a_{i+1,j}-\delta a_{ij}$ , $a_{ij}^{0,1}=a_{i,j+1}-\epsilon a_{ij}$
.
(1 ) $\psi_{n}$ ,
. (12), (14) , $t,$ $s$ ,
$\psi_{n}^{t+1,s}=\frac{1}{x-\lambda^{t+1}}(\psi_{n+1}^{t}’ s-c_{n}^{\mathrm{r}_{S}t}’\psi_{n}’ s)$ (16)
$\psi_{n+1}^{t,s+1}=\psi_{n+1}^{t,S}+A_{n\iota}^{t,s+1l_{S}}\psi_{\tau}’+1$ (17)
.
$C_{n}^{t,s}= \frac{P_{n+1}(\delta)}{P_{\mathit{7}\iota}(\delta)}$ , $A_{n}^{t,s+1}= \frac{k_{n+1}Q_{n}(\epsilon)}{k_{n}Q_{n+}1(\epsilon)}$
, $\delta$ $\lambda^{t+1}$ . (16) (17) ,
$A_{n-}^{t,s+1}1nct,s$ $=$ $A_{n-}^{t+1S+1}\mathrm{i}c_{\mathit{7}\iota}’-\iota s+11$ (18)




$T_{0}(X)$ $=$ 1, $T_{1}(x)=x$ , $T_{2}(x)=x^{2}$
$T_{n+1}(x)$ $=$ $xT_{n}(X)-v_{n}T_{n-2}(x)$ $n=2,3,$ $\ldots$ (20)
$T_{n}(x)$ .
5




$\tau_{n}$ $=$ $|a_{ij}|0\leq i,j\leq\tau b-1$
$a_{i,j}$ $=$
$\{$













$a_{00}$ $a_{01}$ .. . $a_{0n}$
$a_{10}$ $a_{11}$ . $*\cdot$ $a_{1n}$
: .$\cdot$. :. .$\cdot$.
$a_{n-1,0}$ $a_{n-1,1}$ .. . $a_{n-1,n}$
















, $t,$ $s$ ,
$z_{j^{+}}^{l}1,S$ $=$ $z_{j}^{t}\dotplus^{s_{2}}-(\delta^{t+1})^{3}\mathcal{Z}_{j}^{t,S}$
$z_{j}^{t,s+1}$ $=$ $z_{j}^{t}\dotplus^{s_{1}}-(\epsilon^{S+1})^{3_{Z}t}j’ s$
. ,
$\tau_{n}^{\iota+}1,s(X)=\frac{1}{(x)^{3}-(\delta^{\iota}+1)^{s}}(\tau_{\tau\iota}^{t}\dotplus^{s_{3}}(X)-V_{n}^{t,s}\tau_{n}t,S(x))$ (24)
$U_{n}^{t,\mathit{8}+1}(X)= \frac{1}{(x)s-(\epsilon S+1)3}(U_{n+}^{t,s}$a $(x)-W_{n}^{l,s}Ut_{S},(nx))$ (25)
$V_{n}^{t,s}= \frac{\tau_{n}^{ts_{3}}\dotplus(\delta^{t}+1)}{\tau_{\tau\iota}^{\iota,s}(\delta l+1)}$ , $W_{n}^{t,s}= \frac{U_{n+}^{t,s_{3(}}\epsilon^{S})+1}{U_{\tau\iota}^{\iota,\epsilon}(\epsilon)s+1}$
. $v_{n}^{t,s}$ $V_{n}^{t,s}$
$v_{\tau\iota}^{t_{S}}$’ $=$ $u_{n+1(+u_{n}}^{t_{S}+1}’\delta^{t}\iota_{s},$) $(\delta t+1+u_{n-}^{t,s})1$
$V_{n}^{t,s}$ $=$ $-(\delta\iota+1,)+u_{n+1}^{t_{S}}(\delta^{t}+1+u_{n+2})t,S(\delta t+1+u_{n+3})st$
,
(20) (24) , Hungry Lotka-Volterra
$\frac{u_{n}^{t+1}}{u_{n}^{t}}=\frac{(\delta^{l+1}+u_{n++1}^{t})2(\delta^{t}+1+u)tn}{(\delta^{t+2}+u^{l}-2)n(+1t+2t+1)\delta+u_{n}-1}$ (26)












. , Hungry Lotka-Volterra .
. , Kato, Aomoto 4
$P_{n+2}(x)$ $=$ $(x-\alpha_{n})P_{n+1}(x)-\beta_{n}P_{n}(x)-\gamma_{n}P_{n-1}(x)$ ,
$\alpha_{n},$ $\beta_{n},$ $\gamma_{n}\in \mathbb{R},$ $n=1,2,$ $\cdots$ .
[4] .
, .
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